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Abstract—The main goal of wire electrical discharge machine users and manufactures is to achieve high precision machining i.e. with 
desired accuracy and minimum surface damage. Brass wire electrode is used as a tool in wire electrical discharge machining (WEDM). Due to 
diversification of industrial applications and fields, demand is expanding for the wire electrodes to have performance superior to that of plain brass 
wire. This paper presents the results of the effect of Cryogenic treated brass wire electrode on the surface of an EN-31 steel machined by WEDM. 
Full factorial experimental design strategy is used in the experimentation. Three process parameters, namely type of wire electrode (untreated 
and cryogenic treated brass wire electrodes), Pulse width, and wire tension have been considered. The process performance is measured in terms 
of surface roughness (SR). ANOVA results indicated that all the process parameters have significant effect on SR. Scanning electron microscopy 
highlighted the important features of WEDMed surfaces with cryogenic treated and untreated brass wire electrode. Surface roughness is improved 
with cryogenic treated brass wire electrode.
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EXPERIMENTAL

Materials and Methods 

ble 2. 
Table 1: Properties of work Piece Material

Material Chemical
Composition

Hardness
(HRC)

Thickness

En-31 58 11 mm

Experimental Design

Table 2: Properties of Brass Wire Electrode

Material Chemical
composition

Hardness
(VHN)

Tensile 
Strength

Conductivity
(% IACS)

255 905N/
mm2

Shallow
cryogenic
treatment

220 850 N/
mm2

Deep
cryogenic
treatment

217 841N/
mm2

RESULTS AND DISCUSSION

Table 3: Control Parameters and Their Levels

Designation Control Parameters  Levels

A

B 0.4 0.8 1.2
0.6 1.3 2.0

Fixed Parameters
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Table 4: Full Factorial Experimental Design

Order
Runs

Factor
A

Factor
B

Factor
C

Mean Surface
Roughness (SR) μm

1 2 1 1 1.55
2 1 2 1 2.35
3 3 2 3 2.05
4 2 2 2 2.15
5 3 1 2 1.25
6 3 3 2 2.92
7 3 2 2 2.35
8 2 2 3 2.25
9 1 3 3 2.85
10 1 1 3 1.85
11 1 3 1 2.67
12 1 1 1 1.75
13 1 2 2 2.45
14 2 2 1 1.95
15 1 1 2 1.48
16 3 3 1 2.34
17 3 3 3 2.86
18 2 3 1 2.25
19 2 3 2 2.90
20 3 2 1 1.80
21 2 1 3 1.75
22 1 2 3 2.40
23 3 1 3 1.55
24 3 1 1 1.45
25 1 3 2 2.90
26 2 1 2 1.35
27 2 3 3 3.05
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 Fig. 1: Interaction Plot for SR
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Fig. 2: Residual Plot for SR

Table 5: ANOVA for Surface Roughness

Source Sum of df Mean F p-value
Squares Square Valu Prob > F

Model 7.70 18 0.43 53.34
A-A 0.27 2 0.13 16.58 0.0014
B-B 6.44 2 3.22 401.59 0.0001

0.36 2 0.18 22.34 0.0005
AB 0.059 4 0.015 1.83 0.2162

0.12 4 0.031 3.88 0.0488
0.45 4 0.11 14.04 0.0011
0.064 8 8.022E-003

7.77 26
0.090 0.9917

Mean 2.17 0.9731
4.14 0.9059
0.73 22.522
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Scanning Electron Microscopy (SEM)

(a)

(b)

Fig. 3: Surface SEM Micrographs (X500) of Work Pieces 
Machined by (A) Untreated Brass Wire Electrode (B) Shallow 

Cryogenic Treated Brass Wire for Pulse Width- 0.4 s and 
Wire Tension-0.6daN

(c)

(d)

Fig. 4: Surface SEM Micrographs (X500) of Work Pieces 
Machined by (C) Deep Cryogenic Treated Brass Wire for Pulse 
width- 0.4 s and Wire Tension -0.6daN (D) Untreated Wire 

Brass wire for Pulse Width 1.20 s and Wire Tension -2.0 daN

CONCLUSION

1.

2.

wire electrode.
3.
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